Abstract The present study was aimed to compare the left atrial and left ventricular diastolic functions amongst the rheumatic and degenerative mitral valve disease patients in atrial fibrillation who reverted to normal sinus rhythm following Cox-maze procedure. We prospectively investigated the left atrial and left ventricular function with Doppler echocardiography, by dividing into the rheumatic (N0105) and the degenerative group (N047). Over the follow-up period (mean: 4.4±1.2 years in the rheumatic group, 4.8±
Introduction
As atrial fibrillation is observed in 30 % to 50 % of patients who require operation for mitral valve disease [1] , the Coxmaze procedure has been performed concomitantly with mitral valve surgery as a standard surgical treatment for atrial fibrillation. Although high efficiency of conversion into sinus rhythm has been demonstrated after the Cox-maze procedure, irrespective of the origin of valve pathology [2] , the changes in size and function of left atrium (LA) have been poorly elucidated, especially in long-term periods.
In fact, in terms of sinus conversion rate and existence of LA electrical activity, some authors reported unsatisfactory results of the Cox-maze procedure in patients more with rheumatic disease than other causes. The left atrial contractility determined as the peak velocity of the atrial filling wave to peak velocity of early filling wave ratio for the LA in the rheumatic group was significantly reduced compared with that in the nonrheumatic group [3] . On the contrary, others including our group demonstrated equally effective results, even though those were short-term outcomes [4, 5] .
Along with the sinus conversion rate and electrical activity, one of the issues of debate in the Cox-maze procedure is that whether the etiology of mitral valve disease has an effect on the change of LA function and left ventricular (LV) function over a long-term follow-up, in patients with restoration to normal sinus rhythm after surgery. Although some studies dealt with the improvement of LA and LV functions after the successful maze procedure, these were separately performed only according to the etiology of mitral valve diseases, having degenerative or rheumatic origins [6, 7] , not for the comparison between the two etiologies. Furthermore, most of these studies focused predominantly on the LV dimension and systolic function (ejection fraction) [5] [6] [7] [8] , and no prospective studies have been performed, to our knowledge. In Korea, a significant number of patients with mitral valve disease accompanied by atrial fibrillation had rheumatic origin.
The objective of this study was to compare LA size and mechanical function, and LV diastolic function after the Coxmaze procedure for atrial fibrillation accompanied by rheumatic and degenerative mitral valve disease. We have performed the Cox-maze III procedure concomitantly with mitral valve operations since 1997, and we prospectively investigated serial changes in LA dimension, LA function, and LV diastolic function with Doppler echocardiography.
Materials and Method

Patients
Between July 1997 and July 2008, 647 consecutive patients underwent surgery for atrial fibrillation associated with mitral valve disease. The Cox-maze procedure and mitral valve operation were performed concomitantly, with or without other cardiac procedures. A total of 332 patients who had an operation within the last 3 years (N 0284) or were lost during follow-up (N048) were excluded. From the total of 315 patients with a follow-up period of more than 3 years, patients with intractable atrial fibrillation (N042) were also excluded, as were patients who maintained normal sinus rhythm with intermittent antiarrhythmic medication or synchronized electrical cardioversion (N061). During the follow-up, 60 patients were newly diagnosed with valvular regurgitation greater than grade II or mild grade valvular stenosis. Therefore, 152 patients that were able to be followed up more than 3 years after surgery had sustained normal sinus rhythm without antiarrhythmic medications and did not have valvular regurgitation greater than grade II or valvular stenosis more than mild grade were selected for evaluation. The patients were divided into the rheumatic group (N0105) and the degenerative group (N047).
The clinical characteristics for each group were summarized in Table 1 . Results showed that patients in both groups were similar in terms of age, sex, preoperative cardiothoracic ratio (CT ratio), and the nature of atrial fibrillation.
Rheumatic mitral valve disease was determined by preoperative echocardiography and gross findings of valve morphology, as previously reported [5] . In brief, irrespective of mitral stenosis or regurgitation, the lesions combined with immobility of the thickened leaflet, calcification of subvalvular apparatus, commissural fusion, and contraction of the chordae tendineae were defined as rheumatic. In addition, all stenotic lesions of the mitral valve combined with aortic valve stenosis were considered rheumatic.
After the Cox-maze procedure, other cardiac procedures were performed with the mitral valve surgery. To access valve competence in mitral valvuloplasty, the entire coaptation line parallel to the mural part of the annulus was checked after saline injection forcibly through the valve to fill the left ventricle using a 20-Fr red rubber catheter attached to a bulb syringe. Once the heart was beating and the patient had been weaned from cardiopulmonary bypass, less than mild regurgitations were confirmed by intraoperative transesophageal echocardiography. The most common concomitant procedures were tricuspid annuloplasty (N054). Other procedures included aortic valve replacement in 19 patients, coronary artery bypass grafting in 6 patients, atrial septal defect closure in 6 patients, ventricular septal defect closure in 1 patient, and ascending aortic graft replacement in 1 patient.
This cohort study was approved by the institutional review board and the ethics committee of our hospital. Informed consent forms were obtained.
Surgical Procedures
We modified the classic Cox-maze procedure to preserve and enhance the LA function. The details of our Cox-maze procedure have been reported previously in detail [5] . A standard LA incision was made and extended inferiorly to the orifice of the left inferior pulmonary vein. To reduce LA tissue inclusion on the pulmonary vein isolation, we tightly encircled the pulmonary vein orifices. To minimize the number of incisions, cut and sew lesions were replaced with either cryoablation (N036) or microwave ablation (N0116). The lesion set of the LA side included a single box lesion for pulmonary vein isolation (two round lesions for the isolation of pulmonary veins in pairs, two parallel lesions for connecting between both the superior and inferior pulmonary veins) and two linear ablations from the pulmonary isolation lesion to the posterior mitral valve annulus and LA appendage, respectively, with additional epicardial coronary sinus ablation. To reduce the LA dimension, the parallel resection of LA wall to the posterior mitral annulus was performed after exclusion of the left atrial appendage from within, especially in all patients with LA size greater than 60 mm preoperatively. Our modification of the maze procedure was illustrated in Fig. 1 . For cryoablation, the cryoprobe (Frigitronics Cardiac Cryosurgical System 200; Frigitronics, Inc, Coopersurgical, Shelton, Conn) was applied endocardially at −60°C. The duration of ablation varied depending on the thickness of the atrium, usually between 90 s and 2 min after ice crystals were observed transmurally. For microwave ablation, the FLEX microwave probe (Afx Inc, Fremont, Calif) was applied endocardially with an energy level of 65 W for 2 min uniformly because of the lacking of transmural feedback sensor system. In addition, to prevent postoperative atrial flutter, the right atrial isthmus was isolated completely with cryoablation after two ablation lines on the intercaval and free wall of right atrium. The end point of ablation was the conversion to regular atrial tachycardias or sinus rhythm during the weaning process of cardiopulmonary bypass. Postoperative Follow-Up
To evaluate cardiac rhythm after surgery, standard 12-channel surface electrocardiography and 24-hour Holter monitoring were performed at 6 month intervals during the first 2 years and then repeated every year after.
To evaluate LA dimension, LA function, and mitral annulus movement postoperatively, transthoracic echocardiography with tissue Doppler imaging (Hewlett-Packard Sonos 2500 or 5500 imaging system with a 2.5-MHz transducer) were performed at 6-month intervals during the first 2 years and then repeated every year after. Echocardiographic variables on 1 year after surgery were regarded as the data of base line. Ejection fraction of the LV was calculated using the biplane Simpson method. The LV end diastolic and end systolic dimensions were measured from parasternal M-mode acquisitions. LA dimension was measured at end systole as the largest distance between the posterior aortic wall and the center of the line denoting the posterior LA wall. Using the sample volume on the tip of the mitral valve in an apical four chamber view, mean peak velocity of transmitral E wave and A wave was obtained. Particularly, E/A ratio was calculated by the mean values of five consecutive beats. Mean peak early (E') and late (A') diastolic annulus velocity and the ratio of early to late peak velocities (E'/A') were calculated with the sample volume located at the septal side of the mitral annulus. For later assessment, all data were collected prospectively and stored in a specially organized and controlled database.
For patients with early atrial fibrillation recurrences, amiodarone was prescribed at 1200 mg/d after the Cox-maze procedure and tapered after conversion into normal sinus rhythm. For patients with valve repair (N084), or replacement with biological prosthesis (N013), warfarin was prescribed for 6 months postoperatively with international normalized ratio (INR) of 1.5 to 2.0. For patients with mechanical valve replacement (N055), warfarin was prescribed for life-long periods with INR of 2.0 to 3.0.
Statistics
All continuous variables were expressed as mean±S.D and were tested using a student t test. For categorical variables, Chi-square statistics were used. For comparison of repeated data between two sets of data within a group at different time periods, the paired t test was used. A p value of 0.05 or less was considered statistically significant in all cases. The SPSS software package 14.0 (SPSS Inc, Chicago, IL) was used for statistical analysis.
Results
Preoperative echocardiographic findings of the degenerative and rheumatic groups are shown in Table 1 . Mean LA dimension did not significantly differ between the two groups. However, in the degenerative group, a preoperative mean duration of atrial fibrillation was longer (p00.018), the continuous nature of atrial fibrillation was more often found (p<0.001), and the LV end diastolic dimension was larger (p<0.001). Compared to the rheumatic group, almost all patients in the degenerative group had mitral valve surgery for regurgitation (p<0.001).
Operative information is summarized in Table 1 . Compared to the rheumatic group, a significantly greater number of patients in the degenerative group received mitral valvuloplasty, p<0.001. However, tricuspid annuloplasty was more often used in the rheumatic group than the degenerative group (p00.032). Nevertheless, there was no difference in statistical results according to the cardiopulmonary bypass time, aortic cross clamp time, and energy source for the maze procedure between the two groups, respectively. In addition, postoperative follow-up periods were a little longer in the rheumatic group, but there was no significant difference (p00.079). Table 2 shows the LA function and mitral annulus movement in both groups on postoperative 1 year (base line). Compared to the degenerative group, patients in the rheumatic group showed a significantly larger LA dimension (43.6±7.4 mm in the degenerative group, 46.8±6.6 mm in the rheumatic group, p00.009). There were, however, no significant differences in LV ejection fraction, LV end diastolic dimension, and LV end systolic dimension between the two groups. In addition, A wave velocity, E wave velocity, and E/A ratio were not statistically different between the two groups. Even though obvious LV diastolic dysfunction, the degree of E' velocity and E/E' ratio were similar in both Table 3 shows the changes of LA dimension, LA function, and mitral annulus movement over the follow-up period. Compared to base line (1 year after surgery), LA dimension (from 45.84±7.00 to 47.13±7.26 mm, p<0.001) and E/A ratio (from 2.45±1.18 to 2.97±1.34, p<0.001) were significantly increased. Furthermore, along with a significant increase of E wave velocity (from 149.78±31.85 to 165.22± 38.02 cm/s, p<0.001) and A wave velocity (from 70..06± 27.78 to 63.65±30.40 cm/s, p<0.001), the E/E' ratio was significantly increased from 29.44±13.56 to 32.81±12.71, p00.028. However, E' velocity and A' velocity were not changed significantly. Figure 2 (the first row) shows the changes of the LA dimension and E/A ratio from the postoperative 1 year to the last follow-up years. Respectively, LA dimension (from 43.64±5.41 to 45.62±4.52 mm in the degenerative group, p<0.001; from 46.83±4.01 to 47.81±3.91 mm in the rheumatic group, p00.004) and E/A ratio (from 2.31±0.73 to 2.57±1.12 in the degenerative group, p00.031; from 2.51± 0.53 to 3.18±0.91 in the rheumatic group, p<0.001) were significantly increased in both groups. Moreover, compared to the degenerative group, E/A ratio was more increased in the rheumatic group (p00.028). However, there was no statistical difference in the change of LA dimension between the two groups (p>0.1).
Over the follow-up periods, the changes of A and E wave velocity are shown in Fig. 2 (the second row) . Despite the significant increase of E wave velocity in both groups (from 149.28±28.26 to 167.36±29.12 cm/s in the degenerative group, p 00.002; from 150.00 ± 30.23 to 164.27 ± 31.12 cm/s in the rheumatic group, p<0.001), these changes did not statistically differ between the two groups (p>0.1). However, despite a statistically insignificant increase of A wave velocity in the degenerative group, the rheumatic group showed a significant decrease of A wave velocity from 69.22± 11.19 to 58.39±13.23 cm/s over the follow-up periods (p< 0.001). Furthermore, this difference was statistically significant between the two groups (p<0.001). Figure 2 (the third row) also shows the change of A' velocity over the follow-up periods. Despite a statistically insignificant increase of A' velocity in the degenerative group, the rheumatic group showed a significant decrease of A' velocity (mean increase of 0.57±0.11 cm/s in the degenerative group, p > 0.1; mean decrease of 0.43 ± 0.13 cm/s in the rheumatic group, p00.018). Furthermore, this difference was statistically significant between the two groups (p00.029).
Finally, Fig. 2 (the last row) shows the change of E' velocity and E/E' ratio. There was a statistically insignificant increase in E/E' ratio in the degenerative group. However, the significant increase of E/E' ratio was found in the rheumatic group (p00.043). Moreover, these differences were statistically significant between the two groups (E/E' ratio: mean increase of 1.74±1.52 in the degenerative group, mean increase of 4.49±1.98 in the rheumatic group, p00.047). In particular, despite a statistically insignificant increase of E' velocity in the degenerative group, the rheumatic group showed a significant decrease of E' velocity over the follow-up periods (p0 0.035). Furthermore, this difference was statistically significant between the two groups (E' velocity: mean increase of 0.21±0.15 cm/s in the degenerative group, mean decrease of 0.23±0.17 cm/s in the rheumatic group, p00.031).
Discussion
Main Findings
The present study revealed three important findings. First, the trend toward a gradual decline in the LA function along with a increase of LA dimension was found in patients with atrial fibrillation accompanied by mitral valve disease after the successful maze procedure and concomitant mitral valve surgery (E/A ratio: 2.45±1.18 on postoperative 1 year vs. 2.97±1.34 on the last follow-up, p<0.001; LA dimension: 45.84 ± 7.00 mm on postoperative 1 year vs. 47.13 ± 7.26 mm on the last follow-up, p<0.001). These results were in line with the previous report [9] .
The difference in the change of late diastolic annulus velocity (A') was the second finding. A' velocity is a more sensitive marker of the LA booster function [10] . On contrary to the degenerative group, the rheumatic group showed statistically significant decrease in A' velocity (p00.018). This finding means that the LA function is more deteriorating in the rheumatic group. With the progressive increase of LA dimension, the progressive increase in E/A ratio and the A velocity mean peak late filling wave velocity due to atrial contraction, A' velocity mean peak late diastolic annulus velocity, E velocity mean peak early rapid filling wave velocity, E' velocity mean peak early diastolic annulus velocity, LA left atrium progressive decrease in A' velocity raises have concerned about the effects of the Cox-maze procedure on the LA function, especially in the rheumatic group. The last interesting finding was the difference in the change of the LV diastolic function, which was found by Doppler tissue imaging. At first, we found that despite a little decrease of E' velocity (5.77±1.82 cm/s on postoperative 1 year vs. 5.72±3.77 cm/s on the last follow-up, p> 0.1), E/E' ratio was significantly increased on the whole ( 29.44±13.56 on postoperative 1 year vs. 32.81±12.71 on the last follow-up, p00.028). In addition, after analyzing by dividing into two groups, namely degenerative and rheumatic group, different patterns of the change of the LV diastolic function were revealed according to mitral valve pathology. On contrary to the degenerative group, the rheumatic group showed statistically significant decrease in E' velocity (p00.031). In addition, the rheumatic group showed statistically significant increase in E/E' ratio compared to the degenerative group (p00.047). This finding means that although the LV diastolic dysfunction is apparent in both groups, the LV diastolic function is more worsening in the rheumatic group than the degenerative group. Fig. 2 Change of LA dimension, E/A ratio, transmitral A wave velocity, transmitral E wave velocity, late diastolic annulus velocity (A'), early diastolic annulus velocity (E'), and E/E' ratio in both groups Clinical Implications It is well known that mitral annulus velocity determined by Doppler tissue imaging is a relatively preload independent variable in evaluating the LV diastolic function [11] . In normal subjects, E' velocity increases as transmitral gradient increases with exertion or increased preload. However, E' velocity is reduced at baseline and does not increase with increased preload in patients with the LV diastolic dysfunction, as much as in normal subjects. Therefore, E' velocity increases with increasing transmitral gradient in healthy individuals, so that E/E' ratio is similar at rest and with exercise (usually<8) [12] .
Decreased E' velocity is one of the earliest markers for LV diastolic dysfunction. As diastolic dysfunction progresses, E wave velocity increases and E' velocity remains reduced with higher filling pressure. Therefore, E/E' ratio correlates well with LV filling pressure or mean pulmonary capillary wedge pressure (PCWP), namely, mean PCWP is> 20 mmHg if E/E' is>15 [13] .
However, E/E' ratio is not reliable in predicting LV filling pressure in mitral valve disease, especially in patients with primary severe mitral regurgitation. Furthermore, E/E' ratio in patients with mitral valve replacement is often high, even in normal LV filling pressure [14] . These are the reasons why we did not regard the preoperative echocardiographic variables as baseline data. We focused on the change of cardiac function only after the successful Coxmaze procedure performed concomitantly with mitral valve surgery.
In this study, LV filling patterns of abnormal relaxation were found in all patients of both groups who underwent the Cox-maze procedure concomitantly with mitral valve operations. In addition, the significant increase of E/E' ratio and decrease of E' velocity were found in the rheumatic group, compared to the degenerative group. Furthermore, these differences were statistically significant between the two groups. These findings suggest that the LV diastolic function is more worsening in the rheumatic group than the degenerative group.
Despite the high rate of sinus rhythm conversion, some authors reported that the Cox-maze procedure was less satisfactory in rheumatic disease than nonrheumatic disease [3] . However, previously our groups demonstrated that the Cox-maze procedure was equally effective in treating atrial fibrillation in patients with either rheumatic or nonrheumatic mitral valve disease in terms of sinus conversion rate and LA function over short-term follow-up [5] . Nevertheless, as time went on, the rheumatic group showed a more progressive decline in the LA function and LV diastolic function than the degenerative group in this study. With degenerative change from aging process, the stiffness of heart chambers caused by persistent volume or pressure burden may be a pivotal role of the functional deterioration of heart, irrespective of etiology of mitral valve disease. Rheumatic disease might be a chronic and ongoing cardiac remodeling process. However, unfortunately we were not able to find any specific histopathologic features of rheumatic heart disease in the surgically resected LA posterior wall, except for nonspecific interstitial inflammation and fibrosis. Even after the recovery phase from rheumatic disease, these changes of heart function might be irreversible or progressive because of 'rheumatic myocarditis'. Consequently, these natures of rheumatic disease may be responsible to explain the changes in LA and LV diastolic functions, which are different from nonrheumatic disease [7] .
LA size has been related with an increased risk of stroke in patients with atrial fibrillation [15] and was also an important predictor to achieve sinus rhythm after radiofrequency ablation [16] . For reduction of LA dimension in patients with LA size greater than 60 mm preoperatively, we routinely performed the resection of the posterior LA wall parallel to the mitral annulus. Therefore, compared to preoperative data (60.8±10.1 mm), LA dimension was significantly decreased at discharge (45.1±6.7 mm, p<0.01).
To exclude surgical effect on the change of LA dimension after the successful Cox-maze procedure, the data on postoperative 1 year was considered as baseline variables.
We measured LA dimension rather than LA volume and found a significant increase of LA dimension postoperatively in the present study. However, LA volume was well considered as a more accurate index of LA size than LA dimension [17] . Although that was a significant limitation, these changes of LA geometry were parallel with other studies [18] . LA dimension was significantly decreased just after sinus rhythm conversion and showed an increase during the follow-up period (54±9 vs. 46±5 vs. 48±6 mm for before the maze procedure and in the early stages, mean: 3.1 months and late stages, mean: 2.2 years). Moreover, without performing LA volume reduction surgery, LA volume measured by magnetic resonance imaging did not decrease at a mean follow-up period of 13.8 months in patients with LA enlargement even after successful sinus rhythm recovery [19] . The LA size is known to be an important risk factor for failure of the maze procedure [20] , and the long-term success rate of the maze procedure is dependent on the size of the LA [21] . Even though our cohort included the patients with regular sinus rhythm after the maze procedure throughout the follow-up period, these findings in this study add support to the view that the failure rate of the maze procedure and the recurrence rate of atrial fibrillation after successful sinus rhythm conversion might be higher in patients with the rheumatic mitral disease.
In addition, a decreased LA function might predispose to thrombus formation in the LA despite elimination of atrial fibrillation after the Cox-maze procedure [22] . These findings mean that the possibility of thrombus formation within the LA was high in spite of the successful Cox-maze procedure, especially in the rheumatic mitral disease. Furthermore, the risk of thromboembolic events might also be a trend toward increase over the periods of follow-up in the rheumatic mitral disease compared to the degenerative mitral disease. Therefore, according to the pathology of mitral valve disease, different guidelines on anticoagulation management after the successful Cox-maze procedure deserve consideration, but further studies are necessary. In fact, we experienced two cases of minor intracerebral thromboembolic events in the rheumatic group during the follow-up periods, in spite of normal sinus rhythm.
This study has several limitations. First, the majority of patients in this study had abnormal LV diastolic function preoperatively. We do not guarantee the same results of the Cox-maze procedure in patients with a normal LV diastolic function. Second, like LA function, LV diastolic function usually depends on other factors such as the degree of residual valvular disease, volume status, and so on. Consequently, echocardiographic data may vary according to the status of patients just at that time. Third, the current study involved patients who received the Cox-maze procedure with concomitant mitral valve operation. Therefore, these changes are not interpreted as the effect of only the Cox-maze procedure on LA or LV diastolic functions. The change of myocardial function is usually an ongoing process despite mitral valve operations. Fourth, many patients had concomitant cardiac interventions (aortic valve replacement, tricuspid annuloplasty, coronary artery bypass grafting, or correction of congenital heart diseases) with the Cox-maze procedure, which may have influenced the cardiac diastolic functions. Another limitation was the nonhomogeneous pathology of mitral valve disease. Not only the etiology of mitral valve disease (rheumatic disease versus degenerative disease), but also the pathology of mitral valve disease (mitral regurgitation versus mitral stenosis) may be significant determinants of the outcome of the patients in this study. Finally, a relatively small sample size may affect the results of the Cox-maze procedure in patients with atrial fibrillation. Nevertheless, this study was encouraging because it showed distinct results in respect of etiology, differently from the other studies previously discussed.
In conclusion, there was a steady enlargement of the LA size and decrease of LA function during the follow-up period in patients sustaining normal sinus rhythm conversion after the Maze procedure with mitral valve operation. Particularly, the progressive loss of the LA function as well as LV diastolic function was more prominent in the rheumatic group than the degenerative group. Therefore, differentiated strategies for postoperative follow-up and anticoagulation treatment are needed according to the pathology of mitral valve disease.
